INTRODUCTION
The largest housing-related subsidy in the federal income tax code is the mortgage interest deduction (MID). Office of Management and Budget (OMB) estimates suggest the MID will reduce income tax revenues by over $104 billion in fiscal year 2011 and by over $637 billion between 2011 and 2015 (Executive Office of the President, 2010). 1 There is a large literature that examines how the MID affects the user cost of housing, the decision to own or rent, and the price of the housing stock. 2 These studies treat changes in the tax code that alter the value of the MID as exogenous factors that affect the demand for housing by lowering the net interest rate paid on debt financed housing. A common assumption in these studies is that the gross interest rate (before the tax deduction) on a mortgage is independent of the subsidy created by the MID; 3 this is equivalent to assuming that the economic incidence of the MID subsidy falls entirely on borrowers.
This paper tests the validity of this assumption by examining if the availability of the MID affects the interest rate charged by lenders on home purchase loans, and then uses the results to determine what portion of the subsidy is captured by lenders. Knowing the economic incidence of the MID is important for a precise understanding of how the subsidy currently affects the housing market and, given the recent interest in altering or limiting the subsidy, 4 how changing it would affect the housing market in the future. Models of housing costs in the existing literature do not account for MID-induced changes in the gross interest rate, and therefore may not precisely measure the impact of the existing policy and could mistake the effect of proposed policy changes.
To identify how the MID affects mortgage interest rates, this paper uses a rule in the federal tax code that limits the MID. The MID is limited based on the nominal amount of a mortgage, any interest paid on a mortgage over $1 million is not tax deductible. 5 The primary method used to identify the effect of the MID on interest rates is to compare the interest rate on marginal borrowing below the limit where all interest is deductible, with the interest rate on marginal borrowing above the limit where interest is no longer deductible. I also use a regression kink approach that compares the interest rate on loans within a smaller bandwidth around the MID limit and test for a difference in interest rate changes at the limit.
Using data from the Federal Financial Institutions Examination Council (FFIEC) on mortgage originations in 2004, I find that the interest rate on marginal borrowing above the MID limit, where the subsidy is lost on the marginal dollar borrowed, is significantly lower than marginal borrowing below the limit. Losing the MID reduces the interest rate on marginal borrowing by between 3.3 and 4.4 percent on home purchase loans. This estimate implies that between 9 and 17 percent of the subsidy created by the MID is offset by lenders charging a higher interest rate than they would in the absence of the MID.
The remainder of the paper begins with a brief discussion of some theoretical considerations and an explanation of how this paper extends the existing literature. Section III presents the strategy for identifying how the MID affects mortgage interest rates. Section IV discusses the data used for estimation and is followed by the main results and robustness checks (Section V). The final section of the paper concludes.
THEORETICAL CONSIDERATIONS and EXISTING LITERATURE
The standard model used to study the tax treatment of owner occupied housing is the user cost model (Rosen (1979a (Rosen ( , 1979b (Rosen ( , 1985 , Poterba (1984 Poterba ( , 1992 , Green and Vandell (1999) , Glaeser and Shapiro (2002) , Himmelberg, Mayer and Sinai (2005) , and Anderson, Clemens and Hanson (2007) ). The model is based on the premise that the economic profit realized through home ownership should, in equilibrium, be driven to zero so that the annual rental price (or user cost) of owner occupied housing (A) is equal to the annual cost associated with owning the home (which is a function of the purchase price (P H )). Typically, the model includes costs such as the annual property tax rate (τ p ), the opportunity cost of investing in housing or the interest rate that would be earned on an alternative asset (R 1 ), the interest rate paid on a mortgage (R 2 ), maintenance costs (m), and house price inflation net of depreciation (π), so that the rental price of housing is represented by some form of the following expression:
where τ is the marginal income tax rate and θ is the share of the house that is financed with debt (where θ 1). The property tax term and the mortgage interest rate term are multiplied by one minus the marginal tax rate to reflect the value of the available tax deductions. The opportunity cost term is also expressed in after-tax terms.
Importantly, in this model the mortgage interest rate, R 2 , is assumed to be independent of the MID, a potential shortcoming of the model that was recognized by Rosen (1979a) . 6 This assumption is crucial when using the model to determine how the current MID affects rents and house prices or to predict the impact of proposed changes to the tax code that would alter the MID because it implies that all tax changes will be completely passed through to house prices.
To see this, consider using the model to calculate the effect of the MID on the annual rental price of owner occupied housing (A) for a $250,000 home in the case where the borrower is able to capture the full value of the deduction versus a case where the lender captures 25 percent of the subsidy. 7 If borrowers realize the full value of the tax deduction, then the model shows the annual rental price of housing to be 6.5 percent of the purchase price. If, on the other hand, lenders are able to capture 25 percent of the subsidy in the form of higher interest rates on the mortgage, the model shows the annual rental price increases by almost 6 percent to 6.9 percent of the purchase price.
This paper examines the possibility that the interest rate on a mortgage is, in fact, a function of the available tax deduction, or that lenders in the mortgage market capture some of the subsidy created by the MID by charging a higher interest rate. I suggest that the interest rate, R 2 , is endogenous in the standard user cost model, and that it is a function of the available tax deduction (τ) and other borrower characteristics (c):
So that the user cost equation becomes:
To my knowledge, there has been no prior study of how the MID affects interest rates in the mortgage market. There are existing studies of the incidence of other housing related subsidies, notably, Gibbons and Manning (2006) , Devereux and Lanot (2003) , and Susin (2002).
Devereux and Lanot parameterize a model of the UK housing market and estimate that lenders capture between 70 and 80 percent of the subsidy provided through preferred tax treatment of mortgage interest. Susin examines how the U.S. Section 8 housing subsidy for low income families affects the price of rental housing for both subsidized and unsubsidized renters. Susin does not measure the incidence of the Section 8 program directly, however, he does show that the program is responsible for a significant increase in housing prices, which results in a net loss of $2.4 billion to low income families (a $5.8 billion subsidy to recipients, and $8.2 billion increase in rent paid by non-recipients).
The work presented here is similar in spirit to Gibbons and Manning (2006) , who estimate the incidence of the U.K Housing Benefit subsidy for renters. They find that reducing the subsidy by 10 to 15 percent results in a 6 to 11 percent decrease in rents paid to landlords, which implies that landlords receive roughly two-thirds of the subsidy. Gibbons and Manning describe a theoretical framework for the incidence of the subsidy in both a perfectly competitive market and a market with imperfect competition. The model of imperfect competition, based on a matching model where renters and owners bargain over the rental price of housing, allows for multiple rental prices to exist in equilibrium. Gibbons and Manning (2003) present a detailed version of this model, based on the theoretical framework in Wheaton (1990) . A similar theoretical model is implicit in this paper, as I look for the existence of different interest rates (prices) in the mortgage market.
Although it is beyond the scope of this paper to investigate the full set of reasons why price differentials exist in the mortgage market, it is necessary to show they exist to motivate how the MID may affect them. The existence of price differentials for the same product demonstrates that the price differential created by the MID may not be easily arbitraged away.
Examining advertised interest rates in the U.S. mortgage market reveals that lenders typically advertise a single interest rate for a specific mortgage product (for instance, a 30 year loan with a fixed rate); however, the advertised rate varies substantially across lending institutions. Lender interest rates available through the financial publishing website bankrate.com demonstrate the variation that exists. 8 A simple search for a 30 year fixed rate loan in a large metropolitan area on bankrate.com yields interest rate offers from 41 different lenders, each one of them unique, ranging in APR from 4.74 to 5.57, with a standard deviation of 21 basis points.
IDENTIFICATION STRATEGY and EMPIRICAL SPECIFICATION
The MID is available to all taxpayers who itemize deductions and paid interest on a mortgage during the previous year. The amount of interest that a taxpayer can deduct from taxable income is limited based on size of the mortgage (and tax status, if the borrower is a married filing separately taxpayer). For mortgages used for the purpose of purchasing a home, taxpayers cannot deduct the excess interest paid on a mortgage over $1 million. Interest paid on mortgages used for other purposes but secured by home-owner equity can also be deducted for loans up to $100,000.
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The nominal limit on deductibility provides an exogenous source of variation in the value of the MID that can be used for identifying how the MID affects the interest rate charged by lenders. To identify the effect of the MID subsidy on interest rates, I use OLS estimation and Regression Kink Design (RKD) estimation following Card, Lee, and Pei (2009).
Marginal Borrowing for Loans Above the Limit
If lenders capture some of the subsidy created by the MID, then eliminating the subsidy on marginal borrowing will reduce the gross interest rate (charged by lenders) for loans made above the limit. To test how removing the MID affects the interest rate on marginal borrowing, I
compare how marginal borrowing affects the mortgage interest rate on loans made above the limit with loans made below the limit. To empirically test how losing the MID affects the interest rate on marginal borrowing over the limit, I estimate the following equation using ordinary least squares:
where Loan Amt is a continuous measure of the size of mortgage, measured in thousands of dollars. Abv Limit is a dummy variable that takes the value one for loans made in excess of the MID limit and zero otherwise. Amt Over Limit is the dollar amount that the loan exceeds the MID limit by. Z is a vector of control variables that includes the place of residence, 10 a dummy variable for non-white applicants, a dummy variable for whether the loan has a co-signer and the income a borrower reports to the lender.
The coefficient β 1 shows how the interest rate changes as the size of mortgage increases for loans below the MID limit. The coefficient β 2 shows how the baseline interest rate changes for loans made above the $1 million dollar limit. The coefficient β 3 shows how the baseline interest rate changes for marginal borrowing on loans made above the MID limit, or when the subsidy is no longer available.
There are two ways of testing the effect of the MID using the estimated coefficients from (2). The first is to test if marginal borrowing above the MID limit reduces the interest rate on the loan, or if β 3 < 0. The second is to test if marginal borrowing above the MID limit changes the interest rate differentially than marginal borrowing below the limit, or if β 3 = β 1 . The primary assumption behind this identification strategy is that the factors affecting the interest rate on marginal borrowing below the MID limit are the same as those that affect marginal borrowing above the limit, after accounting for control variables. In other words, that there are no factors outside of the MID limit (and control variables) that would differentially change interest rates on marginal borrowing above the limit.
Regression Kink Design
The nominal limit on the MID makes a method that exploits the abrupt change in policy attractive as a means of identifying the effect of the subsidy on interest rates. If the mortgage interest deduction affects the interest rate lenders charge on a mortgage, then I would expect to see a change in interest rates between loans made for less than the limit compared to loans made above the limit. The Regression Kink Design (RKD) is more appropriate than the more common Regression Discontinuity Design (RDD) in this case because the MID limit only affects marginal borrowing over the limit; therefore, I would not expect a large change in interest rates on the entire loan right at the limit, but a more gradual change as the loan grows in excess of the limit.
The RDD searches for a "jump" that occurs at the MID limit, where the RKD searches for a difference in slope after the MID limit; therefore, I apply the RKD. The idea behind the RKD is similar to the OLS regressions in (2), to search for a difference in slope; the primary difference is choosing a bandwidth around the MID limit. I follow Card, Lee, and Pei (2009) in applying the RKD. In practice, the RKD requires estimating the following regression:
where h is the bandwidth around the nominal limit in the regressions. Following Card, Lee, and Pei (2009) I test the estimated coefficient β 2 = 0, as a way of measuring the effect of losing the MID. If lenders are able to capture some of the MID by charging a higher interest rate, β 2 should be less than zero, or the interest rate on a mortgage above the limit to should decline. I estimate (3) using a range of values for h, although the choice of h is quite constrained by available data on mortgages over $1 million. Given that I expect how far over the limit a loan is to play a crucial role in how much the interest rate changes, I also estimate (3) using both a symmetric bandwidth around the limit, and a bandwidth that only trims observations where the loan is lower than the limit.
DATA DESCRIPTION
To estimate (2) and (3), I use a dataset that contains detailed information about home mortgages. Estimation requires knowledge of the purpose of the loan (home purchase), the amount of the loan (to determine if it exceeds the limit), and the interest rate charged by the lender. The FFIEC records on mortgage originations for 2004, commonly called HMDA data because it is available as a result of the Home Mortgage Disclosure Act, is ideal for this purpose.
The HMDA requires lending institutions to report data on the terms of certain loans and characteristics of applicants to the FFIEC. The level of detail in the HMDA data include controls for the place of residence of the borrower, income (as reported to the lender), coapplicant status of the loan, and race of the borrower.
The HMDA data reports the interest rate variable in terms of a rate spread. The rate spread is the difference between the annual percentage rate (APR) charged at the time of origination and the interest rate that would be earned on a similarly-termed Treasury bond. The use of a rate spread instead of an interest rate avoids any problems associated with comparing interest rates on loans of different terms, by comparing the mortgage with a Treasury bond of a similar term, so that the duration of the loan is not an issue.
The rate spread variable in the data is based on what the law requires financial institutions to report. Before 2003, the FFIEC did not collect information on the rate spread, but a 2002 amendment to the HMDA act required all financial institutions to report the rate spread when it is larger than three percent. 11 The sample of loans is truncated to be only loans with a rate spread that is three percent or larger. 12 Although this limits the sample to loans with a relatively high APR, the data are still more detailed than other sources. The limited reporting of the rate spread variable leaves a sample of 918,274 loans made for the purpose of purchasing a home.
Due to the higher APR charged on these loans, the sample for which the rate spread is available is different than the population of loans in the HMDA data. As shown in Table 1 , home purchase loans in the sample with interest rate information are, on average, about $75,000
less than the full sample, although this average is within one standard deviation of the full sample average. Borrowers with interest rate information have about $20,000 less in annual income, although this average is still within one standard deviation of the full sample. Nonwhite borrowers are more frequent in this sample, as are loans without a co-signer.
I further restrict the sample used for estimation by only including loans made for above the conforming loan limit set for Fannie Mae and Freddie Mac. The conforming loan limit is the maximum amount of mortgage the government allows Fannie Mae and Freddie Mac to purchase or insure. In 2004, the year of data for this paper, the conforming loan limit was $333,700. Hendershott and Shilling (1989) show that the conforming loan limit is an important factor contributing to the interest rate on a mortgage, and loans granted for amounts far in excess of this limit have an interest rate between 15 and 30 basis points larger than comparable loans.
Column (3) of Table 1 shows how the estimation sample differs from both the entire HMDA sample and the sample for which interest rate information is available. Restricting the sample I use for estimation substantially reduces the sample size and increases the average loan amount. The average income of borrowers in the estimation sample is more than double the income of those that have interest rate information. There are more non-whites in the sample, and slightly more loans that are not co-signed. The distribution of where loans originate is also quite different from the population of loans, with the Pacific region representing over 40 percent of the loans in the sample used for estimation.
RESULTS

Marginal Borrowing Results
I estimate (2) using all home purchase loans in the HMDA data above the conforming loan limit of $333,700 and, as a robustness check using all loans made for above $500,000. Table 2 shows the results for estimating (2) using both samples. The results presented in Table 2 show a negative relationship between borrowing over the MID limit and mortgage interest rates.
The negative sign on β 3 is what is expected if lenders are able to capture some of the MID through higher interest rates, this is evidence that at least some of the subsidy is realized by lenders in the mortgage market.
The point estimates show that the interest rate on the entire mortgage decreases by about 0.0003 for every $1,000 borrowed above the limit, or between 3.3 and 4.4 percent. This estimate is not sensitive to using different geographic controls at the state, sub-region, or census region level. The estimates are moderately sensitive to using only loans made in excess of $500,000, showing a slightly more negative effect of losing the MID on interest rates.
The estimation results for (2) have two hypotheses of interest. First, loans made in excess of the MID limit have a lower interest rate, or the coefficient β 3 < 0. Second, the interest rate on marginal borrowing in excess of the MID limit is not equal to the interest rate on marginal borrowing below the limit, or if the coefficients β 3 -β 1 = 0. Table 2 shows strong evidence in favor of each hypothesis.
I reject the null hypothesis that the coefficient β 3 ≥ 0, at a significance level less than one percent in specifications using loans above the conforming loan limit, and between the five and ten percent level in specifications using loans above $500,000. I also reject the null hypothesis that the coefficient β 3 = β 1 , at conventional levels in all specifications. The hypothesis tests show that losing the MID lowers the interest rate on marginal borrowing, and that the interest rate on marginal borrowing in excess of the MID limit is lower than the interest rate on marginal borrowing below the limit.
One concern with estimating the relationship between the MID cap and interest rates using Equation (2) is that it is not able to take full advantage of the information on interest rates available in the HMDA data, as it does not include information about loans made with a rate spread less than three. In addition, not using this information may cause a selection problem, as it is lower interest rate loans that are excluded from the sample. Loans that do not report a rate spread have a rate spread between zero and three, making an interval regression an attractive solution to this problem.
Following Long and Freese (2006) , the interval regression allows the rate spread variable to be a range of values between zero and three when it is not reported and a value equal to itself when it is reported. This method takes full advantage of the information in the HMDA data and eliminates selection problems by including loans that were not in the data in the previous estimates. Table 3 presents the results estimated using interval regression. These results are quite similar to the OLS results, and in some cases suggest a stronger relationship between the MID and mortgage interest rates. The point estimates using all loans above the conforming loan limit are in the same range as the OLS results, those using loans above the married filing separate limit show a slightly stronger relationship between the MID and mortgage interest rates. All interval regressions show that the coefficient on the Above Limit*Amount Over Limit variable is statistically significant at less than the one percent level. The interval regression results provide support for the OLS results and show that they are not driven by sample selection in reporting of the rate spread variable.
Another potential criticism of the identification strategy and subsequent results is that the interest rates may be changing with the size of loan for reasons other than the MID limit. To alleviate this concern, I perform several false experiments using various loan amounts as the MID limit where taxpayers actually retain the full benefit of the MID. I create false limits every $50,000 between $950,000 and $750,000 and run regressions as in (2) to test the hypothesis that the false limit changes interest rates.
The results of the false experiments, presented in Table 3 , are encouraging, as they show that a general run-up in interest rates as the loan amount increases does not drive the results in Table 2 . In many cases, the coefficient of interest, β 3 , has the opposite sign of the regression using the actual limit and in every case fails to reject the null hypothesis that β 3 is positive. I also fail to reject the null hypothesis that the interest rate on marginal borrowing in excess of the limit is equal to the interest rate on marginal borrowing below the limit in all specifications.
Regression Kink Design Results
I estimate the RKD equation both for the sample I have full rate spread information on and for the sample where I either know the actual interest rate or know that it is below 3 using interval regression. Tables 5 and 6 show the estimation results for the discontinuity parameter (β 2 ) for each type of estimation, the top panel of each table shows estimates using a symmetric bandwidth, the bottom panel shows estimates using a bandwidth that is only left censored (leaving all loans above the limit). The RKD results are quite sensitive to the type of censoringthe estimates that censor loans equally on either side of the cap never achieve statistical significance.
RKD estimates that use only left-censoring, trimming loans made for less than the MID limit and retaining loans made in excess of the MID limit, show that interest rates decline when the MID is removed on marginal borrowing. The left-censored RKD results are statistically significant for all bandwidths larger than $100,000, and all estimates match the negative sign from the OLS results. The magnitude of these results suggests that the interest rate difference from losing the MID is between 0.002 and 0.0011 percentage points on the entire loan. Most of these estimates are in the range of the OLS estimates, but the larger RKD estimates suggest the magnitude of the effect of the MID on interest rates is as much as three times the size of the OLS estimates.
Incidence Estimates
The point estimates in Table 2 provide the basis for calculating the incidence of the MID.
The point estimates show how the MID changes the marginal interest rate on borrowing over the limit. To find the marginal interest rate I take the difference between the amount of interest paid on a loan at the limit of $1,000,000 with the amount of interest paid on a loan $1,000 over the limit, 13 and divide by the marginal loan amount of $1,000. This calculation reveals that the interest rate on marginal borrowing above the limit is on average 3.7 percent lower and ranges between 3.3 and 4.4 percent lower than borrowing below the limit.
14 Depending on the assumed marginal tax rate and Treasury bond rate, the point estimates from Table 2 imply that lenders capture between 9 and 17 percent of the subsidy created by the MID. Table 5 shows the range of incidence calculations for the low, high and average Treasury bond rate and for both a 25 and 35 percent marginal tax rate. 15 The assumed marginal tax rate and the Treasury bond rate are negatively related to the percent of the subsidy captured by lenders. Table 5 also provides a 95 percent confidence interval for each estimate using the standard deviation reported for β 3 in Table 2 .
As demonstrated by the user cost model, a lender's ability to capture some of the MID subsidy has implications for how the subsidy impacts the annual rental price of housing. The user cost model outlined earlier can be used to show how the incidence of the MID is directly related to the annual rental price of housing. In the case of a $250,000 purchase price, the high end of the point estimates (17 percent), suggests that the standard model underestimates the annual rental price 16 of housing by 3.92 percent. The low end of the point estimates (9 percent) suggests that the standard model underestimates the annual rental price of housing by 2.07 percent.
The largest point estimates from the interval regression suggest that lenders are able to capture as much as 32 percent of the MID, although most of these estimates suggest the incidence is closer to the OLS results. The point estimates from the RKD suggest that lenders are able to capture as much as 56 percent of the mortgage interest deduction, although these point estimates are quite sensitive to the type of censoring and bandwidth around the limit that is used.
CONCLUSION
This paper uses the nominal limit on the size of home mortgage that can be claimed for a tax deduction to estimate how much of the subsidy created by the MID is captured by lending institutions. The estimates obtained here show how the MID affects interest rates on a mortgage and are used to show that the interest rate on marginal borrowing without the MID is between 3.3 and 4.4 percent lower than the interest rate with the MID. This estimate implies that lending institutions capture between 9 and 17 percent of the subsidy created by the MID in the form of higher interest rates. The range of incidence estimates depends on the assumed marginal income tax rate as well as the Treasury bond rate.
Other researchers have shown that buyers and sellers split the incidence of some housing subsidies; however, the findings presented here are the first evidence that the MID affects interest rates in the mortgage market. This finding suggests that refinements to the user-cost model of housing are necessary to determine the impact of the MID on the annual cost of home ownership and house prices. This finding is also important when weighing the costs and benefits of policy proposals to change the current MID or create new subsidies in the tax code for home ownership. The evidence presented here, as well as past research on other housing related subsidies by Devereux and Lanot (2003) , Gibbons and Manning (2006) and Susin (2002), suggests that suppliers may partially realize gains in the form of higher prices, rents, or mortgage interest rates from policies intended to make housing more affordable and increase home ownership rates.
1 These estimates do not include the implicit subsidy in the tax code that results from not taxing imputed rent.
2 For a review of these studies, see Anderson, Clemens and Hanson (2007) and Hendershott and White (2000) .
3 Rosen (1979a) highlights the importance of considering how the tax treatment of owner occupied housing may alter gross rents. Some studies, including Berger, et al. (2000) and Capozza, Green, and Hendershott (1999) , show that interest rate subsidies are capitalized into house or land prices, but do not examine the effect of these subsidies on interest rates. Bush Tax Reform Panel also recommended lowering the cap on interest that can be used for a deduction from the current $1 million to a series of caps based on regional home prices.
5 A lower limit of $500,000 applies for married filing separately taxpayers. The $1 million limit applies to all other taxpayers.
costs, 2.5 percent depreciation, a 1.75 percent property tax rate, and house-price inflation of 3.8 percent.
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